We ¥ measure the local intensity and the intensity cross-correlation function of patterns emitted by aC ¦ O 2 laser § with a Fresnel number around 60 and find evidence of weak turbulence. We show theoreticallÿ that the spatiotemporal dynamics of such a laser can be governed by two fields. One leads to a "turbulent" state principally through phase fluctuations, whereas the other yields a periodic modulation © in space and time of the intensity. This can explain why the intensity of the laser is locally chaotic but the time-averaged intensity pattern retains the global symmetry of the system. In this paper, we present detailed experimental measurements of the dynamical behavior of a similar laser that indicate strong differences from recent theoretical predications. We find neither vortices nor grain boundaries. Consequently, we provide an alternative interpretation and approximation to the standard Maxwell-Bloch model that describes the evolution and characteristics of patterns observed in our experiment. Our theoretical results show that the formation of structures is controlled by two generic spatiotemporal instabilities. The first is a long-wavelength instability that is related to the phase fluctuations of the field.
Spatially extended dissipative systems have been the subject of intensive studies during the last 30 years [1] . Pattern formation in lasers has been observed since their discovery [2] , but has recently regained interest within the development of nonlinear dynamics [3] . Experimental and theoretical studies of spatiotemporal structures have been most successful in the cases in which there is a low Fresnel number [4, 5] . Indeed, the richness of the dynamics of few modes yields a quantity of experimental and theoretical results. On the other hand, it is difficult to find experimental results in the literature for lasers operating at high Fresnel number. Previous works showed only the existence of relatively complex patterns in the time-averaged intensity distribution [6] without indications about the degree of complexity and/or the physical origin of such particular spatial structures. In this paper, we present detailed experimental measurements of the dynamical behavior of a similar laser that indicate strong differences from recent theoretical predications. We find neither vortices nor grain boundaries. Consequently, we provide an alternative interpretation and approximation to the standard Maxwell-Bloch model that describes the evolution and characteristics of patterns observed in our experiment. Our theoretical results show that the formation of structures is controlled by two generic spatiotemporal instabilities. The first is a long-wavelength instability that is related to the phase fluctuations of the field.
It is described by a Kuramoto-Shivasinsky (KS) type equation [7] . The second is a short-wavelength instability of the field amplitude. It corresponds to a Hopf bifurcation selecting a well-defined wavelength and it is described by a complex Swift-Hohenberg (CSH) equation [8] . As a result, the laser intensity presents a turbulent behavior, at a short time scale, due to the dynamics of KS. However, the time average patterns display the typically organized structure of the CSH equation. This picture is an example of a turbulent field which recovers symmetry on average. Similar phenomena have been observed in recent experiments in hydrodynamics in which the pattern is very irregular in space and time, but the average time pattern recovers the symmetry of the boundary [9] .
The ! experimental setup we use is analogous to the one described in Ref. [6] . An example of the time-averaged transverse pattern emitted by a Fabry-Pérot CO 2 " laser with an intracavity lens resulting in a Fresnel number
is shown in Fig. 1(a) . This appears as an ordered structure of concentric rings when the laser is perfectly aligned.
If the system is not perfectly aligned we observe structures such as squares, or even more complex patterns. However, all the measurements described below apply qualitatively 1 to any observed pattern. These patterns seem to show a relatively large number of points where we could assume the presence of topological defects [10] . However, we V OLUME 75, based on the Ginzburg-Landau equation [10] for negative detuning (and its extension for positive detuning [12] ), and for class B lasers [13] , when restricted to an almost infinite Fresnel number near the lasing threshold, predicted defects. One reason for the disagreement between previous theories and our experiment is the finite size of real experimental systems, which gives a small Fresnel number at threshold. However, theories that take into account the finite size predict transverse standing waves 2 near the threshold [14] that we do not find in the experiment.
Hence, none of the previous theoretical approaches 3 explains our simple direct observation of the absence of defects and almost constant intensity in space with 2 a weak spatiotemporal modulation of the intensity. The starting point for our theoretical interpretation of these experimental results is the Maxwell-Bloch (MB) equations in a dimensionless form, for the slowly varying envelopes of electric field
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